Aim: This study aims at evaluating the interexaminer agreement between radiographic and tomographic methods to determine condyle morphological variations and positioning.
INTRODUCTION
Attempts should be made to diagnose bone disorders in the temporomandibular joint (TMJ) because these conditions may be representative of signs and symptoms of temporomandibular dysfunction (TMD) or of changes in occlusion or in the position of the mandibular condyles. 1, 2 In this context, several imaging techniques have been described for assessing the TMJ. Panoramic radiographic images, which are frequently used for orthodontic diagnoses, are often used to assess the TMJ because this technique is widely available, easy to use, and involve low radiation and costs. 3 Although many researchers use panoramic radiography (PR) to evaluate the changes in the condyles and the anatomical differences inherent to this joint, some factors, such as overlapping anatomical structures, X-ray projection angle, anatomical variations,
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and the position of the patient's head can compromise this evaluation. [4] [5] [6] Imaging methods for evaluating the TMJ include transcranial radiography (TR), which is indicated for the diagnosis of mandibular condyle movement restriction in the presence of muscle spasm and pain, and posteroanterior and submentovertical X-rays, which identify condylar hyperplasia. 7 The diagnostic accuracy of magnetic resonance image (MRI) and computed tomography (CT) is superior to those of conventional radiological examinations because of their higher resolution. Computed tomography is the ideal method for assessing bone structures, whereas MRI allows the study of soft parts, including the intra-articular disk. These two methods are often combined to study the TMJ disorders, and they are important tools in the differential diagnosis of diseases that affect this region. 8 A study that compared the results of the position of the mandibular condyle obtained by TR and linear tomography reported that the results were more precise with tomographic images. Indeed, it was questioned whether TR is an appropriate method for measuring the position of the mandibular condyle. 9 Although CT provides better visualization of the TMJ structures, the radiation dose is higher than radiography or linear tomography. The balance between the risks of radiation overdose and the benefits of the diagnostic superiority of these images have been discussed previously. 10 After its development in the late 1990s, cone beam computed tomography (CBCT) has been widely used in dentistry, including orthodontics. The radiation dose used in CBCT is lower than that used in conventional medical tomography; thus, it is indicated for treatment planning and diagnoses in dentistry. The precision of this technique in detecting TMJ bone changes has been reported. 4 Although efforts have been made to establish criteria for requesting CBCT images, many doubts remain regarding these criteria, especially those concerning the evaluation of the morphology and position of the mandibular condyle in the TMJ. The reliability of two-dimensional (2D) images for this purpose still needs to be clarified, especially with regard to panoramic X-rays, which are commonly requested as a component of orthodontic records and based on that radiographic reports are issued regarding the findings of TMJ structures. The validity of these information should be questioned, is this radiographic method suitable to detect TMJ bone changes? Therefore, this study aimed to investigate the interexaminer agreement in evaluating the morphology and positioning of the condyle in PR images, either digitalized or reconstructed from CBCT scans.
MATERIALS AND METHODS
Sample
This study was approved by the Research Ethics Committee of the University of North Paraná, protocol number 276.661. Patients and patients' parents/guardians signed a consent form allowing the use of the orthodontic records in this study.
For the sample selection, 180 patient records from the orthodontic clinic were examined according to the following inclusion criteria: Patients between 13 and 30 years of age without previous orthodontic treatment, with complete permanent dentition (with the exception of the third molars), without a history of TMD treatment. After applying these criteria, 101 records composed of panoramic X-rays and CBCT scans were included in this study.
Methods
The panoramic X-rays were obtained by using an ortho pantomograph OP 100 (Instrumentarium Corp., Tuusula, Finland) panoramic X-ray machine, with a magnification index of 30%. The following protocol was used: 17.6 seconds, 57 KVp, and 2 mA. The patients' heads were aligned with the Frankfort plane, parallel to the ground, and an acrylic device was placed between the anterior teeth.
The CBCT images were obtained by using tomographer (i-CAT; Imaging Sciences, KaVo ® , Hatfield, PA, USA), with a standardized head position. The following specifications were used: 22 16 cm field of view (FOV), 40 seconds of exposure, 120 KVp, and 36 mA. This machine has a high-resolution sensor that allows images to be obtained with a voxel (volumetric picture element) of 0.4 mm. During panoramic X-ray reconstruction, the arch dimensions (thickness and width) were adjusted according to the size of the patients' maxilla. In order to perform the subjective evaluation of condyle morphology and position, three previously calibrated examiners analyzed the right and left TMJs images of the digital panoramic X-rays ( Fig. 1 ) and the CBCT-reconstructed panoramic X-rays (Fig. 2) . Examiner calibration was performed using 10 images of each method, in which all experienced in TMJ evaluation examiners (one orthodontist, one radiologist, and one oral surgeon), openly classified the condyle morphology and position, and any questions regarding the different classification were discussed. The condyle morphology was categorized as flat, convex, and angular. In addition, criteria, such as the presence of asymmetries, bifid mandibular condyle, or the presence of osteophytes were considered. The position of the condyle in relation to the mandibular fossa was categorized as anterior, posterior, and concentric. This evaluation was performed by using Dolphin Imaging11.5 R computer software (Dolphin Imaging and Management Solutions, Chatsworth, CA, USA). The examiners performed this interpretation in a dark room, without interferences. They were asked to analyze all panoramic X-rays and then answer a questionnaire about the position and morphology of the mandibular condyles.
Another calibrated examiner performed the objective evaluation of the mandibular condyle position, considered as the gold standard (GS). The same program (Dolphin 11.5 R ) was used to determine the condyle positioning by using the sagittal sections of the CBCT images of the right and left TMJs. An image acquisition protocol was developed to obtain standardized sections. Initially, the head position was standardized. The horizontal plane was aligned with the orbits in a vertical plane passing through the glabella and nasal septum in the frontal view. The skull was repositioned relative to the Frankfort horizontal plane. Subsequently, a sagittal reconstruction of the TMJ was obtained (Fig. 3) to determine the area of the axial sections with the greatest distance between the poles of the mandibular condyle on each side. In this position, the most central point of the mandibular condyle was marked (Fig. 4) .
The anterior and posterior articular spaces were measured in the most central sagittal section, on both sides. The condylar concentricity was measured based on the formula proposed by Pullinger and Hollender, 11 as shown below.
The narrowest anterior (A) and posterior (P) articular spaces were calculated by using linear measurements in the right and left TMJs (Figs 5A and B) . The concentric condyle in the articular fossa was indicated by a zero result, whereas a negative value indicated a posterior location and a positive value indicated an anterior location. This classification of condyle position GS was subsequently compared with the results of the subjective analyses performed by the three examiners.
Statistical Analysis
The kappa test was used to assess interexaminer agreement on the positioning and morphological changes of the mandibular condyle assessed by the two methods, i.e., panoramic X-rays and CBCT-reconstructed panoramic X-rays. The kappa test was also used to evaluate 
RESULTS
Regarding the condylar positioning, the evaluation performed on the digital PR revealed that examiner 1 found more concentric condyles in contrast with examiners 2 and 3 who found anteriorly displaced condyles in the most (Table 1) . When the evaluation was performed in the PR reconstructed from CBCT scans, examiner 1 still found more concentric condyles, examiner 2 found almost equally concentric and anteriorly displaced condyles, while examiner 3 found more anteriorly displaced condyle ( Table 2 ). The GS results indicated the following: for the right condyles 55 anteriorly displaced, 15 concentric, and 31 posterior; for the left condyles, 61 were anterior, 8 concentric, and 32 posterior (Tables 1 and 2 ). When considering the condylar morphology, the evaluation performed on the digital panoramic radiography (DPR) revealed that examiners 1, 2 and 3 found the condyle convex shape in the most of the TMJ assessed (Table 3) . These results are similar when the evaluation was performed in the PR reconstructed from CBCT scans ( Table 4) .
The agreement between the three examiners in the evaluation of the panoramic X-rays was very low, particularly with regard to the position of the condyle; in contrast, the agreement on symmetry and morphology was more significant (Table 5) .
When CBCT-reconstructed panoramic images were applied, the agreement results were superior to those for digital radiography (Table 6) . The agreement on the position of the mandibular condyle between the subjective analyses and the GS was also very low (Table 7) ; the results of the CBCTreconstructed panoramic images were better for examiners 2 and 3.
DISCUSSION
Discerning the characteristics of the TMJ may have important clinical implications for the orthodontic diagnosis, prognosis, and treatment plan. 13 Therefore, when necessary, the clinician should request the imaging technique that is most appropriate for each patient, while considering the advantages and disadvantages of each method.
14 In this context, the orthodontist often receives reports based on PR images that infer the position and the morphological findings of the mandibular condyles. The validity of these images for determining changes in the TMJ should be considered, and this was the objective of this study.
The results showed that the condyle positioning varied between examiners, while examiner 1 found most condyles concentric, examiners 2 and 3 found more anteriorly displaced condyles in the DPRs (Table 1) . When the images were reconstructed from CBCT scans, the results indicated more concentric condyles (Table 2) , which was expected as the PR examinations are taken asking the patient to bite an occlusal device that could displace the mandible forward.
Condyle morphology results indicated that the majority of the condyles presented a convex shape, regardless the exam protocol, PRs or PRs reconstructed from CBCT scans (Tables 3 and 4) .
Taking into account the condyle position assessed in the PRs, the most important finding is that no significant agreement was observed between the examiners (Table 5) . With regard to morphology and the presence of asymmetries, the percentage of agreement was high despite the low kappa values; this was probably due to a high prevalence of convex condyle and a low prevalence of asymmetries, which was expected in a young population. However, asymmetries should be evaluated with care in PR. 15 Even when the panoramic X-rays were reconstructed from CBCT scans, which presumably improves image quality, a low interexaminer agreement on the position of the condyles was observed according to the kappa index ( Table 6 ). The reason to create a panoramic view from CBTC was just to allow drawing conclusions after comparing two multiplanar images. As can be noticed in the results, none of them achieved acceptable values of agreement. This fact strengthens the need for regular sagittal images when condyle positioning is studied. However, the agreement among these results was better than were those of digital radiography. With regard to morphology and the presence of asymmetries, the kappa values were also low and the percentage of interexaminer agreement was high.
According to the results of this study, PR images are not indicated for the evaluation of the position and morphology of the TMJ because the findings cannot be reproduced. Panoramic radiography is indicated for an ample view of the maxilla and mandible. 16, 17 However, this imaging method is not indicated for the inspection and functional interpretation of the TMJ because the patient is instructed to bite on an acrylic device during the examination, causing advancement of the mandible and the inferior teeth. This changes the mandibular condyle-fossa relationship, hindering the evaluation. 18 Moreover, because it is a transfacial exposure, the lateral pole of the condyle projects onto itself, limiting the image of the median portion; thus, surrounding structures may overlap the normal mandible components, simulating disorders that do not exist. 19 Indeed, the influence of head positioning during image acquisition also accounts for this limitation, 20 as well as the image formation, as the condyles are angled (15-33°) to sagittal plane making the X-ray beam projection obliquely to the condyle axis. 21 Tomographic scan is currently the method of choice in the evaluation of joint erosion or osteophytes. 22 Three independent observers compared CBCT and CT images of the TMJ and analyzed the changes in the mandibular condyle (flattening, defects, and osteophytes) and in the articular tubercle (flattening and defects). No significant difference was found between the two imaging methods; a significant difference was found only in the lateral view. 23 Therefore, CT and CBCT are the methods of choice to evaluate changes in the mandibular condyle; however, considering the difference in radiation dose, CBCT is probably the more conservative option. Furthermore, the present study showed a low agreement between the evaluations of the three examiners and the results of the GS (Table 7) . This confirms that PR is not valid for determining the position of the condyle. These results highlight the need to request CBCT images when an evaluation of the morphology and positioning of the TMJ structures is necessary. Moreover, controversy exists regarding the condyle position inside the mandibular fossa, 24, 25 and no quantitative patterns are available for the ideal position of the condyle. 26 Although one could think that bilateral symmetry of the condyles are necessary for absence of clinical symptoms of TMD, an association between concentric condyle-fossa relationships and abnormal TMJ function has been reported.
11
The present study confirms that determining the condyle position and its morphology based on PR imaging is a very complex task. Other than ruling out significant alteration in bone, such as fracture and advanced changes of shape, the use of PR may not add to the diagnosis or clinical management of TMD patients. In such cases, clinical findings may indicate the diagnosis or need for detailed imaging of joint structures. 5 When additional information is needed, other imaging methods can be required to obtain a more reliable diagnosis.
CONCLUSION
Based on the poor interexaminer agreement found in this study, PR, whether it is digital or CBCT-reconstructed, may not be suitable for evaluating the morphology and the position of the mandibular condyle.
CLINICAL SIGNIFICANCE
Whenever it is necessary to evaluate the mandibular condyle during the orthodontic screening, the orthodontist should consider another image modality better than the PR, even though this last one is always requested for the orthodontic diagnosis.
